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Positive Energy Districts (PEDs) 
A B S T R A C T   
The current energy transition focuses on decarbonisation through the use of renewable energy sources, coupled 
with improvements in efficiency by means of technological innovations. However, there is also a clear call for 
realizing a just transition. The implementation of smart technology-led transitions and low-carbon energy system 
innovations is increasingly urged to become more people-centred by taking energy poverty and other justice 
related issues into account. Energy justice and energy poverty debates already transcend narrow foci on income 
and energy expenditure ratios and have moved towards multidimensional approaches (Bouzarovski and Petrova, 
2015) [1]. In addition, the capability approach (CA) has been used to understand energy deprivation (Day et al., 
2016) [2]. We further develop these approaches to better understand justice relevant issues within Positive 
Energy Districts, especially by looking at how opportunity spaces for realizing wellbeing are created. The pri-
mary goal is to establish a CA-informed framework for analysing justice-relevant issues within the development 
of Positive Energy Districts, based on a systematic literature search. Hereby we contribute to the discussion on 
usage of the CA within the field of energy and to the debate on how to frame technological innovations, such that 
they can contribute to a just transition.   
1. Introduction 
It is widely accepted that an energy transition is necessary [3–5], but 
timings, forms and potential pathways are manifold, and socio- 
technological innovations need to be critically examined in conjunc-
tion with energy justice [6]. Energy efficient or renewable energy 
technology is often costly to implement, leading to the potential creation 
of new energy systems that could exclude people who are not able to 
afford to adopt them [3,7]. In addition, the need to reduce overall en-
ergy use can be in conflict with the need to address issues of energy 
poverty [8]. Specifically, reducing consumer energy use through 
increasing costs is regressive and fails to protect the poorest in society. 
Basic energy services enable people to realize and maintain minimal 
wellbeing levels [9], but remunerating or subsidizing the energy 
vulnerable may lead to an increase in energy use and emissions [10]. 
Thus, it is not only about energy transitions, but specifically just tran-
sitions. Accordingly, in order to form part of a just transition, the 
implementation of technologically innovative living spaces, based pri-
marily on renewable energy, needs to inherently take justice-related 
considerations into account. 
Besides techno-economic approaches [11] and analyses of policy 
instruments fostering implementation [12], recent research has 
contributed towards a better understanding of some of the social di-
mensions of the energy transition [6,13,14] and has taken up concerns 
regarding energy poverty/vulnerability [8,15,16]. In addition, well-
being issues related to energy have been examined [17,18] and there 
have been attempts towards broader multidimensional approaches to 
energy justice [1]. However, how Positive Energy Districts (PEDs) 
[19–22] can contribute to a just transition is unclear. Whilst there has 
been research on the low carbon energy transition [23], studies on the 
link between technologically innovative living spaces which incorporate 
multiple low carbon innovations and justice are underrepresented in the 
literature [24], and a systematic framework or approach, which espe-
cially allows ex ante study of justice and wellbeing issues related to 
PEDs, is missing. 
PED-like areas are new and highly interesting study objects within 
the realm of the energy transition. The EU launched a programme to 
support the planning, deployment, and replication of one hundred PEDs 
by the year 2025 [19,22], aimed at speeding up decarbonization [20]. 
These could be considered to be holistic smart energy systems, as they 
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are broader urban living- areas characterized by 
1: Net-positive renewable energy production on a yearly basis (the 
“positive” part of PEDs); highly energy efficient buildings (enabling the 
district to rely purely on renewable energy may require significant re-
ductions in energy consumption); and a degree of energy flexibility. 
2: Inclusivity, affordability, sustainability and allowing for a high 
quality of life 
3: A governance framework that actively encourages citizen partic-
ipation [22]. 
Bringing together a variety of smart energy system innovations, such 
as smart meters, electric vehicles and renewable energy [25], energy 
flexibility [26,27], coupled with elements of social change and changes 
in energy ownership, makes PEDs captivating areas to study. Specif-
ically, basing PED creation on principles of inclusivity and affordability 
encourage a focus on justice issues which may not be as prominent in 
other smart energy systems. PEDs are however still in their infancy, and 
currently more of an aim than a reality [21], because of the difficulty in 
achieving an annual surplus in renewably produced energy, and most 
districts aiming to become PEDs could be referred to as PED-like areas. 
Nevertheless, the initial 100 PEDs are likely to be followed with sig-
nificant replication and these districts may become a new standard 
within a decarbonised Europe, making energy justice issues all the more 
important if there is to be a just transition. 
Whilst the energy justice potential of renewable energy has been 
examined [28], the novelty and innovation of these districts is that they 
represent not a single technology but require diverse (smart) technolo-
gies. Moreover, they are not only based on technological innovations but 
call for behavioural changes of the inhabitants. PED-like areas also go 
beyond the individual ownership-level of prosumers [29,30], extending 
to the scale of neighbourhoods or communities. As such, PED-like urban 
areas are enabled by a multiplicity of innovations and are thought to 
contribute to a just transition. However, in what respect they do so is an 
open question. 
Our goal is to pave the way for a framework that allows ex ante study 
of justice and wellbeing issues in PED-like areas. To this aim, we employ 
the Capability Approach (CA) to inform the public discourse on energy 
justice because it provides a multidimensional normative approach 
suitable for linking justice and wellbeing [31,32]. Specifically, we fill 
the gap highlighted by Hillerbrand et al. [32], who identify the need for 
further research on whether and how energy capabilities need to be 
adapted for large-scale smart technology districts such as PEDs, and 
more directly to understand energy justice issues in these settings. 
Embedding PED-like areas with justice and wellbeing issues (rather than 
energy supply and consumption only) could contribute substantially to a 
just energy transition. Accordingly, our research strives to answer the 
following research question: What are the main energy justice and 
wellbeing related elements that need to be accounted for to ensure PED- 
like areas are part of a just transition? 
To answer our research question, we first detail our methodology in 
section II. In section III, we distil major energy justice categories char-
acterising “just” from the literature and rely on the CA. Against this 
backdrop, in section IV, we develop a framework directed to analysing 
PED-like areas building on the livelihood-based capabilities framework 
of Lienert and Burger [33]. This framework thus provides a general basis 
for ex ante assessments of energy justice considerations to inform de-
signs and potential governance regulations of such areas. Our discussion 
in section V is based on an explorative study to demonstrate its useful-
ness, followed by a conclusion and outlook section (VI). This research 
adds to the literature by providing a robust theoretical basis for under-
standing justice issues in PED-like areas, as well as ex ante evaluation 
criteria to influence PED design. 
2. Method 
In this section we explain the three different methods applied in this 
paper to develop our framework, and provide some background 
information on the Swiss PED-like example. In order to develop justice 
and wellbeing related criteria for assessing the creation and develop-
ment of PEDs, we perform a systematic literature search (Fig. 1), based 
on the terms “energy justice”, “energy poverty” and “energy transition” 
so as to determine relevant generic criteria. We include energy poverty 
in our search as this is an important trait of the prevailing European 
energy system. We do not claim that our literature review covers all 
aspects of energy justice, as we focused on what was within the scope of 
our research interest. Additionally, we removed papers where the focus 
was on Global South. As we are going to rely on the CA for our frame-
work (see below), we also conducted a google scholar search on the 
terms “energy justice” and “capability approach”. In addition, we use a 
snowball search of articles. 
Following a careful reading of the abstracts, we determined which 
papers were deemed to potentially contain insights relevant to building 
an energy justice framework. Out of that sample, we identify major 
energy justice-related categories to be included in the framework as well 
as those categories representing our theoretical commitment to the CA 
(section III). In order to develop a framework, we adjust a former 
livelihood-based capabilities framework (see below) to include the 
distilled energy justice categories. This results in an integrated frame-
work with the goal of analysing PEDs in terms of their possible contri-
bution to a fair transition (section IV). To demonstrate the applicability 
of our framework in the intended ex ante (and ex post) analysis of justice 
issues, we chose one PED-like example from Switzerland (cf. below). For 
this exploratory study we rely on the following data: written documents, 
one 2-day site visit and key informant interviews (section V). 
The Hunziker Areal (HA) in Zurich is a PED-like district that will 
serve as an example for applying the framework in an exploratory 
manner and was established with energy justice issues in mind. HA is 
designed and managed by the housing cooperative Mehr als Wohnen 
(MaW) [34]. The site is 40.000 m2 including 370 apartments, shops, 
restaurants, a guesthouse and 1300 + residents. The HA is part of the 
“2000 W Society” [35] which aims to reduce potential energy usage to 
the global average of 2000 Watts at any given time per person [36]. 
Reasons for the selection of the HA are that it is one of the more 
established PED-like sites (completed in 2015), with some literature 
already available, as well as populated enough to warrant study, 
whereas many of the other sites are currently still in development or 
smaller in size [21]. 
3. Major energy justice categories and the capability approach 
In the following, we extract elements of the energy justice literature 
and the energy related CA-literature that allow us to consider generic 
criteria regarding what makes a transition a just transition. 
Looking at said literature, the three-tenet approach to energy justice 
[24] has become quite dominant. It encompasses distributional, recog-
nitional, and procedural dimensions [15,37–39]. Together with the 
additional dimensions of global and restorative justice (e.g. [40]), the 
three-tenets are thought to capture major types of inequalities [23]. 
The distributional part encompasses the distribution of material out-
comes or public goods, as well as injustices suffered by ignored or 
misrepresented groups [24,41–43]. A just energy transition requires 
considerations to avoid negative impacts, including potentially novel 
negative justice impacts [44] and work to eradicate existing inequalities 
[45,46]. This is salient because the energy transition occurs in a sphere 
that is already regulated by a swathe of governance [39], with pre- 
existing distributional patterns for benefits and burdens. Recognizing 
pre-existing actors, processes and policies [47] as well as new variations 
which may arise throughout the transition allows us to identify potential 
distributional injustices. Distributional justice includes locational im-
pacts arising from the production, transport and consumption of energy, 
such as the retraining of coal industry workers in Germany in the 1990s 
(some in renewable energy) to reduce social costs resulting from de-
clines in coal output [48]. However, there is also growing evidence of 
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job losses, greater public scepticism towards renewables and a slow-
down in the sector’s growth in Germany based on perceived unfair 
distributions of burdens and benefits [11] . 
The focus on recognitional energy justice examines whether groups 
with differing energy needs (e.g. elderly or disabled people) are partially 
or completely overlooked, and how better to include these [16,37]. 
When it comes to just energy transitions, communities which are 
negatively affected by the distribution of burdens, such as those situated 
near large scale private wind parks [37,44,49], may see valid objections 
dismissed as illegitimate and NIMBYism. 
Procedural aspects, related to decisions on the allocation of costs and 
burdens, are characterised by calls for greater inclusion in fair decision- 
making processes [16]. Procedural justice has become a more pressing 
topic because new types of actors, such as prosumers, challenge the 
longstanding dichotomy of consumer/producer [50]. For PED-like 
areas, this dichotomy is further challenged, with multiple new forms 
of energy production, ownership and management [51]. 
Global justice issues refer to the application of energy justice notions 
of distribution, recognition, and procedure, on a global scale, 
throughout the entire energy lifecycle [3] including aspects of resource 
extraction (e.g. Cadmium mining for photovoltaic panels production; 
[52]), production (e.g. nuclear energy production; [53]), distribution, 
and consumption of energy to ensure that it is just [23]. 
Restorative justice [40] focuses on mitigating energy injustices that 
have already occurred. Past injustices, unequal distribution of burdens, 
lack of recognition and procedural failures can be remediated through 
restorative justice [54]. 
An alternative approach [55] sees energy justice through the 10 
principles of availability, affordability, due process, transparency, sus-
tainability, intragenerational equity, intergenerational equity, re-
sponsibility, resistance and intersectionality. Without entering into a 
detailed discussion, we claim that most of them can also be seen as as-
pects of the previous five justice elements, with the exceptions of intra- 
and intergenerational equity. Both intra and intergenerational equity 
are elements which we believe should be included in an energy justice 
framework as they are fundamental justice dimensions within 
sustainability. 
There are other approaches such as for example Bell et al. [56] that 
analyses energy systems through four intersecting dimensions, political, 
economic, socio-ecological and technological. This approach empha-
sises the injustices in the existing system and, accordingly that tran-
sitioning to renewable energy systems may require greater transparency 
and active intervention in order to truly support wellbeing. This once 
again highlights the need for frameworks that encourage examining 
justice issues within the context of fair energy transitions. 
Although the referenced literature reveals manifold dimensions and 
approaches for analysing justice and wellbeing issues in an energy 
transition context, we take the five dimensions discussed above as a 
stable denominator guiding the discussion on just transitions, together 
with intragenerational equity (through the use of the CA) and inter-
generational equity (through the use of a livelihood-based framework, 
cf. below). In addition, the sub-topic of energy poverty/vulnerability 
(energy deprivation in the home [1,8]) has also attracted scholarly 
attention and led to the development of multidimensional sets of criteria 
going well beyond income and share of spending for energy (e.g. [57]). 
This is an important line related to our topic because technological 
innovation is often only affordable to the wealthier. Furthermore, the 
development of PED-like areas will necessitate retrofitting programmes, 
revealing difficulties stemming from the complex interaction between 
relative poverty, technological measures, and how they are integrated 
into daily life [37,58]. However, energy poverty can be seen as 
encompassing and mirroring all the already discussed dimensions 
(distributive, procedural, recognitional, global, and restorative aspects). 
Furthermore, in terms of the CA, energy poverty is a form of capability 
deprivation [41,59]. It prevents individuals from having adequate en-
ergy services to the effect that they are deprived from opportunities 
necessary for living what they subjectively consider to be a full and 
valued life. 
Whereas we can take the five dimensions of justice as sketched above 
as a basis for analysing justice related issues within the energy transi-
tion, the literature discussed is often lacking (a) a sound normative 
justice approach and (b) a qualitative understanding of human well-
being. Both lead us to the normative dimension of what ought to be the 
case. Ex ante assessments of technologically innovative settings like 
PEDs become possible only by adding an approach highlighting desir-
able energy future. For this normative dimension we adopt the CA (We 
debate its merits extensively in further publications, e. g. [92]). 
As mentioned earlier, the CA has been applied to energy poverty 
providing a normative foundation [2], which we build on to synthesize 
the CA with energy justice. The CA has been used as a metric of well-
being and justice, and takes opportunity spaces [31], freedoms to choose 
what one has reason to value, as normative currency (metric of justice). 
The underlying normative criterion for wellbeing is to be able to live the 
life that people have reasons to value. Moreover, the CA follows a multi- 
dimensional understanding of wellbeing, not taking an aggregated cri-
terion like life-satisfaction. Capabilities are formed through societal and 
natural conditions and unjust states of affairs come about through the 
missing of central capabilities, normally labelled as capabilities 
Fig. 1. Flow chart of the literature selection process.  
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deprivation [2,41]. The justice criterion is that the normative metric 
holds for all (currently living and in future living) individuals. In our 
field of interest, energy injustices (e.g., lack of access to clean energy) 
display capabilities deprivation. Moreover, the underlying multidi-
mensional understanding of wellbeing goes well together with multi-
dimensional understandings of energy poverty or vulnerability. In 
addition, energy consumption or overconsumption could also adversely 
affect the opportunities of other people (whether in the present or the 
future) to live a life they value [60]. 
Relying on the CA, a just transition is then one in which manifold 
capabilities are available for all, intra- and intergenerationally, and not 
impinging on the capabilities available for others elsewhere. Lists of core 
capabilities such as those given by Nussbaum [41] have also been used 
to examine energy justice [32,61] with a focus on distributional justice. 
A significant difference in our approach is that like Sen [62], we leave 
capabilities undefined, accepting that different people and societies may 
value capabilities in divergent ways [42]. There is also an ongoing 
debate within the CA on whether to empirically examine achieved 
functionings, what people actually do or have based on their available 
options, or input factors, that create the opportunity spaces. However, 
achieved functionings are beyond the scope of this paper, and primarily 
relevant when assessing realized impacts coming out of interventions/ 
policies, whereas we are mainly interested in ex ante criteria for 
designing PED-like areas. In addition, and methodologically speaking, 
realized functionings need to be identified by asking the affected indi-
vidual. In parallel to what is being done by the HDI (Human Develop-
ment Index) [63], we look at inputs (in our terminology, capitals), that 
create opportunity spaces through the design of PEDs and related pol-
icies. This is also similar to Belda-Miquel et al. [64] who incorporate the 
CA into an energy justice framework in terms of people’s ability to 
achieve a life they value, by looking at the need to include the structures 
that enable human flourishing, for grassroots energy innovations. We go 
beyond this by focusing on PEDs which are a form of top-down gover-
nance energy innovation. 
Hence, we take out of the existing literature that our approach should 
(a) display the five dimensions of recognitional, distributional, proce-
dural, global and restorative justice discussed in the energy justice 
literature and (b) be informed by a normative sound justice approach 
based on a multidimensional understanding of wellbeing, for which we 
have chosen the CA. 
4. Integrated framework of energy justice and wellbeing in 
energy transitions 
Whereas section III focused on generic criteria for what could make 
up a just transition, this section is directed to the specific topic of 
technologically innovative living spaces. In line with section III our 
framework builds on the following considerations: 
(a) As far as justice related issues are involved, distributional, pro-
cedural, recognitional, global and restorative justice, as well as 
intergenerational and intragenerational justice need to be 
included.  
(b) PED-like areas are interesting because they create living spaces, 
hence they influence people’s wellbeing. They are thought to 
contribute to a just transition and are meant to be human- 
centred. Hence, wellbeing considerations take centre stage.  
(c) As (a) and (b) are different, albeit strongly interlinked, we have 
chosen a theoretical approach that offers an established approach 
to both, the CA.  
(d) However, as the CA provides a normative framework but not 
necessarily a framework for empirically examining the relation 
between innovation and how people will embed it into their daily 
life (behaviour) to realize wellbeing, we need to consider addi-
tional frameworks for analysing such topics.  
(e) Among the two possible options here, analysing input factors 
(opportunity spaces) or realized individual wellbeing, we opted 
for the first. A full framework would also include the individual 
wellbeing or output. Research highlights that although wellbeing 
cannot be reduced to happiness or emotionally feeling well, the 
latter is a significant component [65,66]. Including realized in-
dividual wellbeing would not only ask for further theoretical 
resources that go beyond the scope of this paper, but is hardly 
feasible given that most PED-like areas are in a very early stage of 
being realized.  
(f) Accordingly, we adapted the livelihood-based capabilities 
framework ([33], Fig. 2 below) developed in a different context 
as this provides an approach to analyse input factors for realizing 
wellbeing. This framework merges a sustainable livelihoods 
approach with the CA, recognizing that access to different types 
of resources (capitals) is a prerequisite for wellbeing [67]. 
Originally, the framework has been used for assessing impacts on 
human wellbeing stemming from the valuation of biological resources in 
rural parts of Nepal. One of the benefits of this framework is that it in-
cludes the element of intergenerational justice which may be somewhat 
neglected with the use of the CA alone. However, the focus of this 
framework was also on input-factors rather than the perception of 
wellbeing. Moreover, looking at these five types of capitals or input 
resources is a standard in the livelihood literature. The framework in-
vites us to examine opportunity spaces, the basic building blocks which 
are necessary for building assorted capabilities. From these capabilities, 
individual choice and livelihood strategies are developed, resulting in 
valued functionings. In what follows, we adjust the original framework 
to serve for our analytic endeavour (Fig. 3). 
A first specific element to look at are energy services provided by 
PEDs. This is also in line with Day, Walker and Simcock [2] who 
consider access to energy services a crucial input factor for capability 
spaces. Moreover, and also in line with recent research in the social 
sciences energy services are key to understanding energy demand. 
People do not consume energy for the sake of energy, but use energy 
services [68]. As such, energy consumption as well as the related CO2- 
emissions are a side-product of mostly routinized behaviour [7,69]. 
Energy services also establish a direct link to smart technology in-
novations, because innovative energy services are almost always smart 
technology-based. Moreover, energy services also outline the purpose 
for which they are used. However, when looking at PED-like areas, there 
are broader sets of input factors to look at than just technology. The five 
capital dimensions captures the following: 
Physical capital deals with infrastructure and technology, heating and 
electricity system and provides and restricts effective opportunities by 
inducing trade-offs if the quality of the physical capital is not optimal 
[67]. Energy justice issues such as those concerning flexibility products 
in smart energy systems would be situated under physical capital [26]. 
Natural capital is concerned with the environment; land availability, 
geographic setting, water and natural resources, including sunlight 
hours, vital for electricity generation through PV panels, as well as wind 
(for wind turbines) and proximity to bodies of water (hydropower). 
Natural capital is spatial [70], and also deals with the ecology of a dis-
trict and how this is affected by energy justice choices. We include the 
environmental frame conditions from the original framework within 
Natural capital. Financial capital refers to income generating activities, 
available property, affordability, financial resilience and good gover-
nance. Access and availability are crucial in the context of implementing 
technological smart energy innovations, and in addition transport 
poverty and mobility issues (e.g. fuel prices and vulnerability, [71]) 
could be included under this heading. Human capital refers to the edu-
cation and knowledge base, a person or group of people have access to. 
For people to reduce their energy consumption it is, for example, 
imperative that they understand what they consume and when to adopt 
new energy saving behaviours. Human capital includes examining 
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change agents, as in the case of small business owners in Germany 
following the Chernobyl disaster [70], or energy cooperatives in Spain 
[50]. This relates to Social capital, which includes all kind of social re-
lations like membership of groups, participatory processes health and 
medicine, and a social circle that enables or supports a person in her 
agency. Social capital also includes race and gender issues [56,72], and 
we include the social and cultural frame conditions from the original 
Burger-Lienert framework within social capital. 
The five capitals set the scene for the opportunities available to 
residents, who are then able to choose those that they as individuals 
prefer. However, the capitals are embedded in a broader setting and can 
also be influenced by political actors, structures and actions [47]. In 
order to adapt the framework to smart technology innovation settings, 
we replaced the environmental, social and cultural, and institutional 
frame conditions with distributional, procedural and recognitional jus-
tice dimensions as well as situating these under global justice, and 
adding restorative justice. The original frame conditions would be 
unproblematic if we were solely examining wellbeing and sustainability 
(as intergenerational justice) but we believe it important to highlight 
other significant energy justice dimensions. Examining these elements 
and their effect on the physical, natural, financial, human and social 
capitals allows us to see the capabilities which are available to residents 
after also taking into account personal conversion factors. By framing 
energy justice in this way and enriching the livelihood-framework with 
conceptualizations of the energy justice discourse, we can see that it is 
not solely about what people have reason to value and the individual 
capability set they may choose, but also about providing the opportunity 
spaces for all, including future generations. We place the framework 
under a triangular flag of “Actors, actions and policies”, indicating that 
these play a significant role in determining the capitals available to a 
district. 
To summarize, the following four points are essential if PED-like 
areas are to be considered from an energy justice perspective, 
informed by the CA approach, with a focus on wellbeing and 
Fig. 2. Lienert-Burger 2015 livelihood-based capabilities framework from a sustainability perspective.  
Fig. 3. The five capitals Burger Lienert model adapted to provide an energy justice framework.  
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opportunity spaces. First, the framework distinguishes generally be-
tween the individual and aggregated levels for energy justice and energy 
poverty, by looking at individual wellbeing as well as structural enabling 
conditions. Second and regarding PEDs, it examines justice consider-
ations within PED-like areas along the dimensions of distributional, 
recognitional, procedural, global and restorative justice and puts op-
portunity spaces and how these enable wellbeing through the capitals 
(Fig. 3) centre stage. Simultaneously, the incorporation of global justice 
serves as a reminder that the impact of decisions taken related to the 
capitals may be international. This is mainly an ex-ante assessment, 
however it can also be used to examine PED-like areas ex post. Third, it 
opens the door for looking at governance implications. Although it can 
also be used for ex post analysis (looking at realized wellbeing for 
example), it can be used for ex ante assessments regarding requirements 
for creating (designing) energy just PED-like areas. 
Fourth, this capitals informed capabilities framework could, for 
example, be linked to change of behaviour-related frameworks as out-
lined in Burger et al. [47]. Bringing such a behavioural framework into 
the picture draws the analytic attention beyond the enabling conditions 
to include how people adapt technology innovations to their daily life. 
This not only concurs with recent research on reducing energy con-
sumption pointing to both structural and individual aspects [73,74], but 
mirrors again that the framework displays individual and aggregated 
structural levels. However, we did not carry out that last step due to the 
existing space limitations. 
5. An application to the Hunziker Areal, Discussion. 
In this section, we seek to demonstrate the usefulness of our frame-
work with an application to the Hunziker Areal (HA). We look at the five 
types of capitals to see in what respect ex ante decisions in the creation 
of the HA provided opportunity spaces by taking justice dimensions into 
account. The following tables chart some of the energy justice issues 
related to each of the capitals in the example of the HA, which we will 
also discuss in relation to other PED-like areas. Moreover, we discuss the 
benefits of our framework and point to limitations. 
The HA was purpose-built, and the extensive planning phase incor-
porated the voices of multiple experienced collectives (see social capital 
below). It is likely that this will not be the case for all PEDs, impacting 
physical capital and natural capital as the spatial distribution is less 
flexible and existing infrastructure is likely to be used as the basis for 
improvement. This may lead to very different debates, as retrofitting 
existing multi-occupancy buildings and those in co-ownership may have 
complex legal and governance issues when it comes to energy saving and 
generating installations [75]. The retrofitting of older housing stock 
[37,58] could be viewed through the lens of restorative justice, perhaps 
giving further impetus to the creation of PED-like areas in deprived 
areas. 
All 2000-W society districts in Switzerland have common energy 
reduction aims [76] and are purpose-built with long term tenants in 
mind (cf. [77]; 65% of housing stock in Switzerland is tenanted, [78]). 
The 2000-W society is part of the national energy policy and is promoted 
by the Swiss Federal Office of Energy (SFOE). Having a supportive policy 
context is a significant benefit when it comes to creating PED-like areas, 
and drawing policy makers attention to the five capitals could poten-
tially lead to more energy-just districts. 
In the area of technology and infrastructure, i.e. physical capital 
(Table 1), there has been research on the need for public acceptance, as 
well as the need to guard against unintended social consequences; areas 
of procedural and recognitional justice [11,14]. Decisions made 
regarding physical capital at the HA were reached through a variety of 
activities such as an ideas competition, ideas market, working commit-
tees, events and themed workshops, between 2010 and 2015. Cooper-
ative members, the wider public and the project developer exchanged 
ideas on sustainability, building services technology and new apartment 
typologies [79]. The way these decisions were made has repercussions 
for procedural and recognitional justice, going beyond using participa-
tion as a means of gaining public acceptance. The shape and direction of 
the district was determined through participatory processes which 
attempted to gather together the best choices and preferences for a new 
district from an actively engaged public. Indeed physical capital is not 
normally part of the decision-making remit for tenants, and PED-like 
areas such as Carquefou (Nantes, France, [21]) offer apartments for 
sale, excluding some of those who are unable to afford to purchase them 
(although some 20% social housing is planned [21]). On the other hand, 
decisions regarding energy consumption and heating in the HA may 
result in global justice issues, specifically with regards to the choices of 
building materials used, source of energy and heating mix and its impact 
on GHG emissions. This is also the case in connection with social capital 
in solar communities in Portugal [6] which were hesitant to invest in 
new technologies due to global justice issues, such as the working con-
ditions and source of raw materials for PV panel production. The choice 
building material for the HA is cement which in turn means the buildings 
have high embodied carbon emissions [80] and although these are more 
sustainable to live in, they are not necessarily sustainably built. 
In terms of natural capital (Table 2), living in an area with no other 
residential buildings around it may have initially resulted in a reduction 
of the opportunities associated with city living, whilst the surrounding 
Table 1 
Physical Capital and justice issues in the Hunziker Areal.  
PHYSICAL 
CAPITAL 
Hunziker Areal MaW 
2000-W 
Energy Justice Dimension 
Electricity 60% of energy imported 
from national grid, around 
40% from PV panels 
Distributional: costs and benefits of 
production, storage, transmission; 
location of PV panels 
Procedural: how decisions 
regarding energy supplier are 
reached 
Global: choice of energy mix, where 
PV panels are produced 
Heating Waste heat harnessed for 
district heating 
Distributional: not all districts can 
harness this, future residential 
areas may not be able to benefit 
from this.  
Global: no incentive to reduce waste 
heat if this is to be harnessed, could 
lead to increased emissions. 
Potential rebound effect 
Intergenerational: long term reduced 
costs and wellbeing standard 
Infrastructure Purpose-built to Swiss 
Minergie standards 
Global/Intergenerational: Minergie 
buildings are not necessarily 
sustainable to build with lots of 
concrete and high embodied carbon 
emissions.  
Distributional: benefits and burdens 
of Minergie, such as not opening 
the windows for lengthy periods, 
but also high energy efficiency.  
Table 2 
Natural Capital and justice issues in the Hunziker Areal.  
NATURAL 
CAPITAL 
Hunziker Areal MaW 2000-W Energy Justice Dimension 
Spatial within 
city 
No other residential buildings 
(surrounded by light 
industry). Outside city centre, 
accessible via bike trail, 
footpath, train or bus 
Distributional: not in a standard 
urban area 
Recognitional: easily 
established boundaries of 
those affected by decisions 
made in the district, and easier 




Smaller private spaces, larger 
shared spaces (shared guest 
rooms for visitors, party 
rooms, freezer room, parks 
etc) 
Distributional: particularly 
during the COVID-19 
pandemic where shared spaces 
may be perceived as riskier  
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industrial area would have also meant none of the expected benefits 
associated with living in less populated areas with green spaces mate-
rialised (Distributional injustices). Private spaces are small, with an 
emphasis on shared spaces (both indoors and outdoors) and shared 
living, which could be taken as meaning that there is greater spatial 
equity within the district. This spatial distribution [70] makes for more 
efficient energy use but also raises wellbeing issues. Although there are 
alternate ways of enhancing capabilities provided, this form of semi- 
communal living may not be easy to adjust to for those that are used 
to larger private spaces. The need to quarantine and social distance 
during the COVID19 pandemic also brings the benefits of this type of 
spatial distribution into question. 
In terms of financial capital (Table 3), we identify affordability, in-
come generating activities and mobility as key areas. A significant de-
posit is required from residents (10.000–28.000 CHF depending on 
property size), representing around eight months’ worth of rent. Rents 
are estimated to be 20% lower than in similar sized properties elsewhere 
in Zurich and it is claimed that owing to this, banks may be amenable to 
loaning a deposit making the funds potentially easier to secure. Addi-
tionally, 10% of the housing available is given to social institutions and 
provided to people who cannot pay the deposit, thus enabling some 
energy vulnerable people to benefit, with rent varying from case to case 
depending on need. Energy prices within the HA are set by the collective 
to deliberately be among the highest in Zurich, in order to encourage 
energy-saving behaviour. This is counter-balanced by the highly energy- 
efficient infrastructure, and may indeed be considered to have an effect 
on global justice as the implication is that emissions from the district will 
be mitigated. On the other hand, the extra cost of this may be perceived 
as an energy injustice for the 10% living in social housing. 
There is a risk that PED-like areas will result not just in the exclusion 
of energy vulnerable people, but also in the exacerbation of energy 
poverty [58] and the potential ghettoization of the energy poor. PED- 
like areas such as La Pinada (Valencia Spain, [21]) already face some 
public objections along the lines of exclusion, as future residents are 
encouraged to sign up and co-design the neighbourhood, but for a price 
of €600 [81] which is likely to be beyond the reach of the energy 
vulnerable. 
Furthermore, in terms of mobility, which we include under financial 
capital, there are significant justice issues within the HA. Effectively 
trade-offs have to be made in deciding whether sustainability is more 
important, with a focus on global and intergenerational energy justice, 
or whether some elements of subjective wellbeing such as the conve-
nience of owning a vehicle/being able to park in the district etc. may 
need to be curtailed. Ultimately, the decision to provide an electric car- 
share scheme in the district may mitigate this, but the embodied emis-
sions in these vehicles and the global energy injustices associated with 
them make this potentially a “less-unjust” option rather than a truly just 
option. Ensuring that the district is walkable and cyclable and that 
residents are able to meet their needs without venturing further on a 
regular basis has perhaps a great impact on mobility energy justice. 
For the development of PED-like areas, it is worth noting the po-
tential energy injustices connected to where finance comes from and for 
what purpose. This is particularly important because JPI Urban Europe 
estimates that the €0.74 billion public investment will be met with 
minimum of €100 billion from private investment and cities [82]. If 
these districts are to be run for profit (such as the case of La Pinada, 
Valencia [81]), reiterating the need for a just transition becomes all the 
more important to avoid them becoming exclusively the domain of the 
wealthy. Whilst potential impacts of energy finance on justice issues 
have been previously examined [83], putting this in the greater context 
of the 5 capitals allows a wider picture of energy injustices to be 
revealed. 
There has been significant focus on human capital (Table 4) from a 
gender perspective [56,72,84], however within the example of HA 
gender remains to be examined, and this would indeed be grounds for 
future research. Having an experienced knowledge base formed from 
multiple other cooperatives may have led the HA to make the decision 
that the district should mirror demography in the greater Zurich area in 
terms of inhabitants age, gender, income-bracket and nationality. 
As apartments become available, these are not rented on a first-come 
first served basis, but interested parties are invited to apply, and a 
committee has the final say on who gets to rent the place (note: there is a 
shortage of apartments in the Zurich area and it is common for landlords 
to select tenants based on their own sets of criteria [78]). This suggests 
that the assessment is not needs-based which could further add to 
injustice. 
The demography of HA was meant to mirror the wider community 
but salaries are slightly lower than average, and there is significantly 
greater representation of international residents (in terms of recogni-
tional justice, this may cause some difficulties in communication) as well 
as those with special needs. For those with special needs, car ownership 
is permitted (intersecting with financial capital, Table 3), and this may 
help mitigate some potential recognitional justice issues. 
In terms of social capital (Table 5), it is possible to join the cooper-
ative, without being a resident. This brings in a number of potential 
justice issues in that members of MaW do not have to live in the district 
Table 3 
Financial Capital and justice issues in the Hunziker areal.  
FINANCIAL CAPITAL Hunziker Areal MaW 
2000-W 
Energy Justice Dimension 
Affordability Rents 20% lower than 
average for Zurich, 
energy deliberately 
priced as highest in 
Zurich,  
Large deposit required. 
Global: high energy prices 
may help reduce demand 
and associated emissions 
Distributional: greater 
negative effect on those in 
social housing 
Procedural: who gets to live 
in the district and how are 
they selected?   
Mobility All residents (bar 
disabled and shift 
workers) sign a car 
waiver 




sustainable mobility options 
promoted 
Intragenerational: potential 
negative effect on elderly 
and families with small 
children 
Recognitional: some people 






Ground floors kept for 
businesses 
Approx. 150 people 
employed in or by the 
HA 
Distributional: who benefits 
from working in the area? 
How do salaries compare?  
Procedural: how are 
decisions reached on which 
businesses should operate 
within the district?  
Table 4 
Human Capital and Justice issues in the Hunziker Areal.  
HUMAN 
CAPITAL 






Created by members of 30 
different cooperatives. 
Participation actively 
encouraged with 300 +
members of WhatsApp and 





may face established and 
entrenched roles. Some 
people may be excluded from 
forms of digital 
communication 
Demographics Greater representation of 
residents with special needs, 
immigrants and refugees 
(over 60 nationalities 
represented) 
Recognitional: greater 
recognition of these groups, 
but potential language 
barriers  
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to have a say in what occurs in the district. Decisions are made demo-
cratically, and the voice of the minority members that do not live in the 
HA may be instrumental when it comes to voting on issues upon which 
residents are relatively evenly divided. In addition, social clubs in the 
HA are open to the wider community outside of the HA, and membership 
is fee-based. However, clubs are also supported through the solidarity 
fund which receives income-dependent contributions from residents, 
meaning that most of the infrastructure is provided at a low cost or is 
free. This may mean that HA clubs are likely to be more affordable than 
those in other areas, but also raises questions on fairness and whether 
non-residents are contributing fairly. It also increases the social oppor-
tunity space for those who attend whilst attempting to encourage posi-
tive attitudes towards the HA from both residents and non-residents. 
There are, accordingly, numerous opportunity spaces created for social 
interaction, whereas it remains up to the individuals to participate. 
Taken together, our justice framework expands the focus away from 
environmental (which we include as natural capital), technological and 
economic justice dimensions to include other dimensions which may 
otherwise be understudied. When applied to other PED-like areas, our 
framework may reveal that human and social capital will likely be 
crucial in ensuring energy injustices are minimized. A study on 
communal bioenergy projects in Germany [85] indicated the impor-
tance of human capital in the form of initiators. It is possible that PED- 
like areas will also better develop in areas where local participation is 
stimulated by change agents. Ownership and co-ownership issues in 
PED-like areas may arise where there is a need to motivate residents in 
order to increase demand side flexibility, improve energy efficiency and 
attempt to deal with energy poverty [86] bringing in multiple justice 
dimensions. Energy justice approaches to renewable electricity has been 
examined through geographic, temporal, technological, economic and 
socio-political dimensions [28]. 
Choosing the HA for validation of our framework could be biased as 
justice and wellbeing considerations were taken into consideration by 
the MaW cooperative from the very beginning in designing the inno-
vative setting. This is by far not the case in general. Nevertheless, using 
the HA example demonstrates that our framework allows us to analyse 
energy justice issues for PED-like areas. Obviously, there are also ele-
ments to each of the capitals which will be different for each area, and 
the overarching themes of recognitional, procedural, and distributional 
justice overlap for some of these capitals. However, this overlap allows 
them to be considered from different perspectives which may provide 
added benefit when other such areas are examined. It is hard to discuss 
natural capital without also discussing physical capital, and human 
capital is often interlinked with both financial and social capital. 
Hence, we believe that the framework considerably enriches debates 
on energy justice in PED-like areas. Providing the possibility for ex ante 
justice considerations in the creation of PED-like cases means that uti-
lizing this framework in governance and planning could significantly 
increase the chances of these districts forming part of a just transition. 
Combining the capitals with distributional, procedural, recognitional, 
global and restorative justice, as well as including intergenerational and 
intragenerational equity allows for the expression of multiple facets 
which may produce some overlap, but which help to create a compre-
hensive picture of energy justice issues in PED-like areas. Future 
research will have to add evidence on this claimed usefulness and where 
to improve and adjust respectively. 
6. Conclusion and outlook 
Enhancing capabilities has been used as a metric for energy justice 
[7,60,61,87], but rather than focusing on people, our approach focuses 
on opportunities. Energy justice emerged from an environmental justice 
background [88,89], and owing to this, environmental concerns are 
often still taken to be central in looking at justice in the energy transition 
[90]. However, our framework expands the focus away from environ-
mental (which we include as natural capital) to include other di-
mensions which may otherwise be understudied. Using the five capitals 
as outlined above offers an enhancement of previous frameworks 
[14,15,24,37–39,41,72] as we incorporate what we see as the most 
salient elements of these to identify potential energy injustices. 
Besides academic progress in justice issues, our work has a potential 
for improving societal practice and encouraging proactive governance 
towards a just transition. Despite the often-made claim towards “human- 
centred”, there is no inherent relation between striving for PEDs and 
PEDs taking energy justice issues into account, and there is a potential 
for increased inequalities and exclusion [91]. Our framework can be 
used in these contexts to enable stakeholders to address these aspects at 
the design stage. Only by applying careful considerations from the very 
beginning when planning PEDs and PED-like areas, will we be able to 
take justice and wellbeing considerations into account. The HA example 
also highlights that relying on technological solutions alone is not 
enough to bring about the required reduction in energy consumption to 
achieve a PED status. Inhabitants choose to live there not because of its 
fancy technological set up, but because of the whole package. Physical 
capital (technological innovation) is one element in an equation which 
also needs to include financial, social, natural and human capital. 
The aim of this paper was to add to energy justice research by 
providing a robust theoretical basis to analysing PED-like areas with 
opportunity spaces and wellbeing at its centre. The first and most 
important result is that looking at the case through the lenses offered by 
the suggested framework can provide results. It allows approaching the 
relation between energy innovations and the often-opaque notion of 
opportunity spaces or capabilities by looking at how different capitals 
are set together. At the same time, the framework is normatively 
informed, i.e., the categories are normatively desired categories and 
allow the aforementioned justice criterion to be taken into account. 
Second, examining justice issues in such transition settings really 
matters. If we are to avoid a business-as-usual approach from engineers 
or standard investors, it should be ensured that justice and wellbeing are 
considered when energy innovative living areas are planned and 
implemented. It seems clear that when developing innovative living 
spaces based on energy transition ideals of decarbonization, decentral-
ized energy production, and smart innovation justice, wellbeing issues 
must be integrated from the very beginning in order to ensure residents 
capabilities are maintained, and ideally enhanced. 
The framework promises to shed light on the relation between en-
ergy transition and how this can become a just transition in the up-
coming field of PED-like areas. There are many potentials fields for 
future empirical as well as conceptual research, such as research related 
to planning or implementation processes, and looking at realized well-
being or policy frame-conditions. The framework appears flexible 
enough to take different contexts of new energy systems into account in 
order to provide a solid and enhanced basis for analysis. 
Adam Hearn is an Early Stage Researcher completing his PhD at 
Basel University, as part of the Horizon 2020 Marie Skłodowska-Curie 
Action SMART-BEEJS project. His research focus is on energy justice, 
Table 5 
Social Capital and Justice issues in the Hunziker Areal.  
SOCIAL 
CAPITAL 
Hunziker Areal MaW 2000-W Energy Justice Dimension 
Social 
groups 
40 + social clubs (e.g., 
beekeeping, sauna users, 
carpentry) open to general 
public, minimal membership 
fees  
Procedural: processes clearly set 
out, affordable and accessible 
Recognitional: require only 5 
people to form a new club 
Ownership  Cooperative, all residential 
units tenanted, no individual 
home owners 
Recognitional: it is possible to be a 
member of the cooperative but 
not a resident. This would entail 
having a say in what is done but 
not necessarily being equally 
affected  
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